Study Design: Retrospective cohort study. Purpose: To evaluate the incidence and risk factors for early adjacent vertebral fractures following balloon kyphoplasty (KP). Overview of Literature: KP is a safe and effective treatment for pain alleviation in patients with osteoporotic vertebral compression fractures (OVCF). However, some studies have reported that the risk of newly developed fractures increases at the adjacent vertebra after KP. Methods: Total 123 consecutive patients with painful OVCF who underwent KP were enrolled from January 2009 to June 2016. Early adjacent vertebral fractures were defined as new fractures that had developed within 3 months after surgery. Sex, age, body mass index (BMI), bone mineral density (BMD), vertebral height, kyphotic angle, Visual Analog Scale score, cement amount, and leakage were evaluated as risk factors for adjacent vertebral fractures. Only cement leakage into the disc space was included in this study. . Cement leakage was present in 16 patients, and fractures developed in 11 (68.7%). In contrast, fractures developed in nine patients (8.2%) without cement leakage. There were no significant differences in terms of age, BMI, BMD, kyphotic angle, or vertebral body height ratio between the fracture and control groups. Conclusions: Cement leakage into the disc increased the risk of early adjacent vertebral fractures after balloon KP.
Introduction
Osteoporotic vertebral compression fractures (OVCF) comprise a major health problem that decrease the quality of life and increase back pain [1] [2] [3] [4] [5] . Balloon kyphoplasty (KP) is a procedure wherein a deflated balloon is inserted into the vertebral body through the pedicle and then inflated to restore the height of a collapsed vertebral body. The balloon is then deflated and withdrawn, and the remaining cavity is filled with polymethyl methacrylate (PMMA) or a bone substitute cement [6, 7] .
KP is a rapid, less invasive, effective method for reducing pain in symptomatic vertebral compression fractures [8] . Although KP has been reported to be associated with fewer complications than vertebroplasty (VP), it causes complications such as cement leakage, spinal cord injury, pulmonary embolus, and adjacent vertebral fractures [9, 10] . In particular, early adjacent vertebral fractures that occur within few months after surgery do not reduce back pain and exert negative effects on surgical outcomes. Spross et al. [11] demonstrated that adjacent vertebral fractures were present in 9.9% of 375 patients after KP who were followed up for an average of 3.6 months. Risk factors for adjacent fractures included preoperative segmental kyphosis of >30° or comorbidities such as rheumatoid arthritis and cardiovascular disease [11] . Lin et al. [12] reported new fractures in 14 of 38 patients treated with VP, 10 with new fractures associated with cement leakage into the disk, and four with new fractures not associated with cement leakage.
There are still controversy regarding risk factors for adjacent vertebral fractures after KP. This study aimed to assess the incidence and risk factors for early adjacent vertebral fractures related to KP in patients with OVCF.
Materials and Methods

Subjects
Between January 2009 and June 2016, a total of 123 consecutive patients (143 vertebrae) with painful OVCF who underwent KP were enrolled. Each patient was followed up for at least 6 months. The study population comprised 92 women and 31 men. Vertebral compression fractures were confirmed using computed tomography (CT) and magnetic resonance imaging (MRI). If needed, vertebral compression fractures were further confirmed by evaluating bony edema in fat-suppressed sequences using MRI.
This study included patients with OVCF, excluding pathologic fractures related to malignancy. Cement leakage developing via cortical defects was found in the disc space, in the epidural space behind the posterior wall, and anterior to the body. Cement was also found in the external vertebral venous plexus, which caused pulmonary embolism. This study included only patients with cement leakage into the disc space that might have been associated with adjacent segment fractures. Early adjacent vertebral fractures were defined as new fractures that had developed within 3 months after surgery. Fractures that occurred 3 months after surgery were not included.
The average bone mineral density (BMD) was calculated by averaging the values from L1 to L4. Segmental kyphotic angle was measured using Cobb's method from the superior endplate of the vertebra one level above the fractured vertebra to the inferior endplate of the vertebral body one level below the treated vertebra [13] . The vertebral body height ratio was calculated by comparing the height of the fractured segment to the mean height of the two adjacent segments.
Surgical technique
Indications for KP included recent fractures that were pain-resistant to analgesics for at least 3 weeks, as per a Visual Analog Scale (VAS) score of >5 points and a kyphotic deformity >15°. Patients with neurological deficits, collapse rate >90%, unstable fractures, bleeding disorders, or any systemic or spinal infections were excluded.
Patients were asked to be in the prone position on the fluoroscopy table, and the procedures were performed under local anesthesia. Two 13-gauge long spinal needles were inserted into the pedicle and advanced to the anterior third of the vertebral body under C-arm fluoroscopic guidance. Thereafter, inflatable balloons were inserted into the vertebral body through two cannulas to create cavities. About 2-8 mL of PMMA bone cement, depending on the size of the vertebral body, were injected into these cavities. All the patients were fitted with rigid braces for 2-3 months after the procedure.
Statistical analyses
All the values in this paper are expressed in terms of mean±standard deviation, depending on the characteristics of the parameters. All data were subjected to statistical analyses using the Mann-Whitney U-test, the Student t-test, or the chi-square test. All p<0.05 were considered statistically significant. The statistical program IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA) was used.
This study was approved by the Institutional Review Boards of Inha University Hospital (IRB approval no., IUH-IRB 08-021). Informed consent was waived because of the retrospective nature of the study and the analysis used anonymous clinical data.
Results
In the 123 patients with painful OVCF, 143 vertebral bod-ies were treated with KP. Early adjacent vertebral fractures were present in 20 (16.2%) of the 123 patients who underwent the KP, including in the cranial adjacent vertebra in 16 patients and caudal adjacent vertebra in four patients. The level of adjacent vertebral fracture was distributed between T10 and L3, with the most common vertebra being T12 (Fig. 1) . Of the 123 patients, 110 (89.4%) had a single vertebral fracture and 13 (10.6%) had multiple vertebral fractures. The average follow-up was 6.8 months (range, 3-12.2 months), and the adjacent vertebral fracture was detected on an average 1.5 months (range, 0.8-3 months) postoperatively.
There were no statistical differences with respect to sex, age, mean BMI, mean BMD, vertebral body height ratio, Cobb's angle, preoperative VAS score, and cement amount between the fracture and control groups. The mean BMD was 3.5±1.19 g/m 2 in the fracture group and 3.72±1.25 g/m 2 in the control group. The kyphotic angle was 22.02°±10.08° in the fracture group and 24.61°±11.46° in the control group. The mean volumes of the injected cement in the fracture control groups were 5.6±1.38 mL and 5.69±1.60 mL, respectively. The only statistically significant difference between the two groups was the cement leakage into the disc space (Table 1) . Cement leakage into the disc space was identified in 16 of the 123 patients after surgery. Of these, 11 patients had adjacent vertebral fractures and five had cement leakage without adjacent vertebral fractures (Fig. 2) . Cement leakage was present in significantly more patients (55%) in the fracture group than in the control group (4.5%). Cement leakage occurred above and below the fractured area, including cement leakage above the superior vertebral end plate in 11 patients, below the inferior vertebral end plate in four, and on both sides in one.
Discussion
In the literature, the incidence of adjacent vertebral fracture after balloon KP ranges from 6.5% to 25% [12, [14] [15] [16] [17] . Fribourg et al. [16] treated 38 patients at 47 levels with balloon KP; of these, 10 patients experienced 17 subsequent fractures. Harrop et al. [17] treated 225 vertebrae in 115 patients with balloon KP; 34 subsequent fractures developed in 26 patients within an average follow-up period of 1 month. In our study, the incidence of adjacent vertebral fracture after KP was 16.2%, similar to that reported by earlier studies. Values are presented as number, mean±standard deviation, or number (%). It is unclear whether adjacent vertebral fractures develop as a natural progression of osteoporosis or as a consequence of stiffness because of the augmentation with bone cement. Rigid cement-augmented vertebra can be stiffer than the adjacent vertebrae. Baroud et al. [18] studied load shift of the intervertebral shift after vertebroplasty. That finite element study demonstrated that the cement in the vertebra reduced the physiologic inward bulge of the endplates and increased the pressure in the adjacent intervertebral disc by up to 17%, possibly causing adjacent fractures [18] .
Various risk factors for adjacent vertebral fractures after cement augmentation have been reported, including quantitative CT-based BMD, bone cement distribution, greater volume of the injected cement, and cement leakage into the disc space [19] [20] [21] . Lin et al. [20] reported that >50% of the adjacent vertebra with cement leakage into the disc space had fractures. Zhong et al. [21] also demonstrated that cement leakage was an independent risk factor for new fractures after KP. Cement leakage into the disc space may weaken the buffer capacity, a function of normal discs, resulting in more frequent adjacent vertebral fractures [21] . Our data demonstrated that cement leakage was a risk factor for adjacent vertebral fracture after KP. The present study identified a significant increase in the incidence of adjacent vertebral fractures in patients with cement leakage into the disk. It appears that cement leakage into the disk results in higher mechanical pressure, eventually causing injury to the endplate in the adjacent vertebral bodies.
In order to minimize cement leakage into the disk, proper surgical techniques are necessary, including correct balloon placement, high-viscosity PMMA cement, controlled application of the cement into the vertebra, and limiting the injected cement volume. Greene et al. [13] suggested the use of the eggshell-technique to prevent further cement leakage, where after primary reduction with the balloon, a small amount of doughy cement is applied into the cavity; therefore, the balloon is re-inflated. Cortical defects may be closely associated with the risk of cement leakage. In cases with cortical defects, highviscosity bone cement is preferable. If leakage is suspected in the fluoroscopic image during the procedure, the injection should be stopped temporarily, allowing a check for cement leakage into the disc space or the paraspinal space. Waiting a few minutes can enhance the cement viscosity and reduce leakage through the defect.
It remains debatable whether the volume of injected cement is a risk factor for adjacent vertebral fracture. Theoretically, a large volume of the injected cement may increase the chances of cement leakage and may be associated with increased mechanical pressure on the adjacent vertebral bodies. In contrast, some studies have reported that the volume of the cement was not a risk factor because an optimal volume of bone cement has not been determined thus far and can change depending on the vertebral body size [22] . A bigger vertebral body requires a greater cement volume to fill the body. In our study, the 
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volume of the injected cement was not a risk factor for adjacent fracture. Most adjacent vertebral fractures occur within 3 months of KP. KP decreases back pain postoperatively, increasing the patient's ability to perform daily activities and leading to a higher chance of increased mechanical pressure on the endplate of the adjacent vertebral bodies. One strategy to reduce the risk of early adjacent segment fracture is the application of a rigid brace for few months after the surgery in case of cement leakage.
This study has certain limitations. First, we enrolled a relatively small number of patients. Therefore, a consecutive study is required. Second, although several factors affect adjacent vertebral fracture after KP, we were unable to investigate whether patients were on medication for osteoporosis before the procedure. Thus, the effect of osteoporosis medication was not considered in the present study.
Conclusions
Balloon KP is a minimally invasive procedure for stabilizing vertebral compression fractures and is effective in pain reduction. However, early adjacent vertebral fractures were present in 16% of the patients within 3 months after surgery. The most important risk factor for fractures was cement leakage into the disk. Thus, careful attention should be paid to determine whether cement leakage occurs during KP.
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